Tubular toxicity of cyclosporine A and the influence of endothelin-1 in renal cell culture models (LLC-PK1 and MDCK).
To evaluate the effect of cyclosporine A (CyA) at high concentrations (10(-4) and 10(-5) M) and the influence of endothelin-1 (ET-1) at physiological and pharmacological concentrations (10(-14) to 10(-6) M) on epithelial cell function, LLC-PK1 cells were studied as a model of the proximal tubule and MDCK cells as a model of the distal tubule/collecting duct. CyA caused time- and concentration-dependent acute toxicity. In LLC-PK1 cells, CyA caused a decrease in transepithelial resistance, indicating a loss of cell contacts, a release of lactate dehydrogenase (LDH) and villin into the supernatant, suggesting destruction of the apical membrane with loss of brush border, and finally release of uvomorulin, suggesting a disruption of the cell-cell adhesion, the zonula adherens. DNA synthesis, as evaluated by bromodeoxyuridine (BrdU) incorporation, was significantly affected at > or = 10(-5) M CyA. The toxicity of CyA was higher when given from the apical rather than the basolateral compartment. ET-1 alone was without effect, but in combination with CyA, ET-1 significantly enhanced toxicity. The ET-1 effect was partially inhibitable by an ET(B), but not an ET(A), antagonist. Immunofluorescence for alpha-catenin, another protein of the zonula adherens, demonstrated no change in polarity for this protein, and immunoprecipitation of the complex indicated relative stability of the zonula adherens despite loss of cadherin into the supernatant. In MDCK cells the effects were different. CyA was not associated with LDH release, but with an increase in transepithelial resistance, indicating increased paracellular resistance. Morphological alterations were significantly less, but BrdU incorporation was decreased. This pattern of toxicity is compatible with a direct toxic effect of CyA on cells of the proximal tubule, with predominant morphological destruction of the cells, with concomitant proximal tubular dysfunction, and a functional alteration in cells of the distal tubule associated with increased paracellular resistance, which may lead to solute and water loss.